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Abstract 
This paper aims to show experimental research results of dust explosion of toner cartridges, and then propose countermeasure 
way against such explosion. Toner is composed various materials, iron, carbon and other organic materials, and which sizes are 
mostly less than 10μm (in diameter). Dust explosions sometimes occurred during usage, manufacture and recycled of toner 
cartridges. And recently toner powder size becomes much smaller, and more danger of dust explosion. In Japan we experienced 
incidents of dust explosion at toner cartridge manufacture and recycle facilities and other places. Therefore author studied its 
danger of dust explosion using new and recycled toners with various dust explosion tests, such as the minimum ignition energy 
test and the 30L explosion bomb test. Based on data, we found toner is safer than those of similar size of Al or Mg powder, but 
have a potential like to most organic powder. To reduce ambient oxygen concentration at treatment equipment was one of 
effective ways to reduce potential of dust explosion of toner cartridges. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of scientific committee of Beijing Institute of Technology. 
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1.  Introduction 
As increasing demand of toner cartridge for copy machine and development of its technology, toner powder size 
becomes smaller and more dangerous of dust explosion. And in regard to environmental aspects, recycle and re-use 
of toner cartridge is attempted [1]. Therefore author is afraid that incident of toners occurs more often in recycling 
facilities as well as manufacture process. SDS (Safety Data Sheet) made by manufacture shows its hazard, and it is 
not hazardous materials in the Recommendations on the transport of dangerous goods by the United Nations [2], and 
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not in the Japanese Fire Service Law. However it is regulated as designated material by the Japanese Fire Service 
Law. Designated materials are not hazardous materials, but are regulated as materials having potentials to occur or 
spread fire. According to SDS it is constituted with synthetic resin, 50 to 80ˁ in weight, graphite, wax and other 
materials and could be burnt. 
In January and August in 2008, there occurred two incidents of dust explosions of toner cartridge in recycling 
facilities, in Hatano and Yokohama cities, Kanagawa prefecture, Japan. And recently toner powder size becomes 
much smaller, and more danger of dust explosion. In Japan we also experienced incidents of dust explosion at toner 
cartridge manufacture [1,2], and other places [3]. Therefore author studied its danger of dust explosion and propose 
its countermeasure way. 
2. Experimental 
In order to clarify danger of toner cartridge explosion, four toners were obtained and were observed by the SEM 
(Scanning Electron Microscope) and evaluated with dust explosion tests. Thermal analysis was also conducted to 
know its thermal properties under fires or under high temperature condition. 
2.1. Samples 
Brand new (virgin) and recycle toner cartridges (Color: black) were used. Toners, which were available widely in 
Japan, were bought and used for the tests. Fig.1 shows examples of SEM picture of new toner, emulsion type, which 
were obtained from manufacturer which were much more spherical and uniform (L/W= ca 1.2) than those of 
recycled toner powder(L/W= ca 1.6) which we used in previous paper [1,2]. All are for black color, and two were 
re-used toner, and two were brand-new. Here, first two toners are called Toner C, Toner E, respectively, and second 
two are called Toner R and Toner F.  
 
                 
   (a) Toner E (x3,000)                                                      (b) Toner F (Manufacturer home page, x2,500) 
                   
(c) Toner C (x3,000)                                                                           (d)  Toner R(x3,000)   
Fig. 1. SEM pictures of toner particles. 
275 Hiroshi Koseki /  Procedia Engineering  84 ( 2014 )  273 – 279 
Toners were taken photograph with the SEM. Based on the information about 20 toner powder data from pictures, 
size information (average diameter ± standard deviation) was obtained. And major axis (transverse diameter) of 
particle, L, and minor axis (conjugate diameter), W, were measured, and averaged them. When a particle is spherical, 
its L/W is equal to 1. Average diameter of toner was also measured with the laser diffractionscattering method to 
compare picture data. Results are shown in Table 1. Used toner particle has wider size distribution, more complicate 
figure and might be more dangerous than those of virgin particle because re-used toner has much larger amount of 
smaller particle.  
 
Table 1. Size distribution of toner particlesǄ 
 Particle Size˄m˅ L/W (Average) Average diameter*(μ m˅ Remarks 
Toner E 10.34 ± 2.70 1.10 10.49 ± 3.72 New 
Toner F 10.45±2.0 1.23 - New 
Toner C 9.57±4.00 1.31 10.35±3.41 Recycled 
Toner R 7.13 ± 1.63 1.43 - Recycled 
*: laser diffraction䱏scattering method 
 
The average diameters of toners C, F and E are about 10μm, which were not large difference with results of 
Yashima et al., 9.52 to 10.26 μ m [3]. Toner R is the smallest. Based on the SEM pictures and Table 1, recycle 
toners (Toners C, R˅were far from spherical and their sizes are much scattered. But new toners (Toners E, F) are 
nearly spherical and their diameters were not much scatter. Average diameters measured by the SEM pictures were 
slightly smaller than those by the laser diffraction䱏scattering method. Toner F was the largest among all toners. 
Compared with general coal, plastic and other organic compounds, toner particles are smaller [3]. 
 
2.2. Evaluation tests for toner powders 
 
Evaluation tests and thermal analysis were conducted. Some explosion tests were conducted in the laboratory of 
Technology Institution of Industrial Safety (TIIS).  
 
(1) Lower limit of explosion  
To measure the lower limit of explosion of toner powder, an instrument which follows JIS Z 8818:2002
(Methods for determine of the lower limit of explosion of combustible powder), a Hartmann measurement unit
˄Inner diameter: 70 cm, Volume: 1.2 L˅was used. There are two ways to obtain dust cloud; 1) fall down type and 
2) blow up type. Here a blow up type was used, and attempt to ignite with the arc discharge of alternating current. 
Experiments to know effect of oxygen concentration on the lower limit of toner explosion was also conducted. 
(2) Minimum ignition energy 
A blow up type measurement unit following IEC-61241-2-3 (1994-09, Section 3: Method for determine of the 
minimum ignition energy of dust/air mixtures), which is cylindrical, and its volume is 1.2 L, made by Kuhner Co., 
Mike3, measured with ignition source of electrostatics energy discharge can be changed seven steps between 1mJ 
and 300mJ. 
(3) Characteristics of explosion 
The explosion test was conducted in the tube which was made following JIS Z 8818:2002 (Appendix 2). The dust 
explosion pressure and pressure increase rate were measured with a pressure transducer. The ignition was attempted 
with chemical energy, 10 kJ. The pressure and pressure increasing rate of dust explosion in 30 L spherical vessel 
were measured. 
(4) Thermal analysis  
The TG-DTA and C80 were applied to know thermal properties of toner particle where Rigaku Thermoplus 8120 
were used. The scanning rate was 2K/min, from room temperature to 600͠. The Setram C80 was a high sensitive 
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calorimeter, was used to clarify heat generation below 200͠, with the scanning rate 0.01K/min with small amount 
sample (about 100mg). 
3. Experimental results 
3.1. Lower limit of oxygen concentration for explosion 
Fig. 2 shows the explosion pressure of dust explosion of toner at various oxygen concentrations for sample F in 
30L tube test. At the concentration lower than about 11.6 % (Vol.) oxygen concentration, it did not explode. This 
result was similar with our previous results (toners C: 11.2 %) for recycled toners [2]. So even there was difference 
between observation of new toner and recycle toner, there was not large difference between lower limit of oxygen 
concentration for both toners. 
 
 
Fig. 2. Relationship between oxygen concentration and explosion pressure(toner F). 
 
Fig. 3 shows relationship between the concentration of toner powder and the discharge energy of ignition at 
various oxygen concentration (15 to 21 %) in 1.2L explosion test for toner F. At the lower oxygen concentration is, 
the higher discharge energy is needed. At 15 % oxygen concentration, 1000 mJ discharge energy is needed for 500-
1500g/m3concentration of toner dust. So it is clear that oxygen concentration is very important factor for the trigger 
of dust explosion. However change of concentration of toner powder does not effect on the discharge energy 
between 500 and 1500 g/m3 except for 18%, so to reduce concentration of toner powder may not help loss 
prevention so much. 
 
 
 
Fig. 3. Relationship between concentration of toner powder and discharge energy at various oxygen concentration(toner F). 
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3.2. Lower limit of dust for explosion 
 
To measure the lower limit of dust concentration for explosion of toner, we used a Hartmann measurement unit. 
The lower concentration limit for explosion˄g/m3˅is one of the most fundamental parameter, and shows easiness 
for explosion. Test results are; 65 g/m3, 75 g/m3 for Toner C and E, respectively, and are consist with Nifuku et al.’s 
toners data (70 g/m3). Toner C, recycled, was much danger than Toner E, brand new. These values are similar to 
those of coal, plastics, which make dust explosion. At less than 15%, the ignition was not made for all toners, which 
implied that to reduce oxygen concentration is one of the ways to prevent occurrence of explosion. 
 
3.3. Minimum ignition energy 
 
A blow up type measurement unit following IEC-61241-2-3 (1994-09, Section 3: Method for determine of 
minimum ignition energy of dust/air mixtures), which is cylindrical, and its volume is 1.2 L, measured with 
ignition source of electrostatics energy discharge can be changed between 1mJ and 300mJ. 
The minimum ignition energies for toners C, E are 1.9 mJ and 1.4 mJ, respectively. Toner E was much danger. 
These values are very small and show these toners get ignition very easily compared with most organic compounds.  
 
3.4. Characteristics of explosion 
 
The explosion test was conducted in the tube which was made following JIS Z 8818:2002 (Appendix 2). The dust 
explosion pressure and pressure increase rate were measured with a pressure transducer. The ignition were 
attempted with chemical energy, 10 kJ. 
The pressure and pressure increasing rate of dust explosion in 30 L spherical vessel were measured. The 
maximum pressure, Pmax, and Kst are obtained. Since rates of pressure rise vary inversely with vessel radius, the 
cubic low constant for dust, Kst, is defined;   
 
Kst=˄dp/dt˅䱏V1/3 
 
Here, V is the volume of vessel. Results are shown in Table 2, where dust concentration was 1500 g/m3 in the 
maximum. 
 
Table 2. Results of explosion characteristics of toners at ambient condition 
 Toner C Toner E Toner F 
Pmax, kPa 7.8 × 102 7.8 × 102 7.7 × 102 
(dp/dt)max, kPa 5.46 × 102 6.15 × 102 8.30 × 10 
Kst, kPa䱏m/s 1.70 × 102 1.91 × 102 2.58 × 10 
Explosion rank St=1 St=1 St=2 
 
Based on the data in Table 2, it is clear that toner F had stronger explosion power than toners C and E, and both 
toners C and E were week class, St=1. This value means that toner was less danger in materials of dust explosion. 
However these values were slightly larger than those of coal, food powder, wood powder, but smaller than metal 
powder such as aluminium, which has St=2 or 3 [5].  
Explosion rank is evaluated by Kst widely, ranking from 0 to 3, that is, when Kst is 0, St=0, Kst is 1 to 200, St=1, 
Kst is 201 to 300, St=2 and Kst >300, St=3.    
 
3.5. Thermal properties of toner 
      
Fig. 4 (a) and (b) show results of the TG-DTA and C80 of toner C, respectively. Above 300 ͠, combustion of 
organic component in toner occurred and the weight of sample degreased. The C80 results shows tiny heat 
absorption around 60 to 70͠, which was not detected in the TG-DTA measurement. This tiny heat absorption might 
be that of melting of toner surface material. The results implied that toner might be safe when it was in high 
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temperature, more than 70͠ because its surface was melted and not cause dust explosion. 
 
 
Fig. 4(a). TG-DTA data of Toner C. 
 
 
Fig. 4(b).  C80 of Toner C. 
 
4. Discussions and countermeasure 
 
4.1. Danger of toner cartridge 
 
Toner powder is not hazardous materials in the UN recommendations, not in the Japanese Fire Service law. We 
regulated them as designated combustibles, which are less hazardous, in Japanese law.  
Based on these data, it is clear that toner powder is easy to make dust explosion. Evaluation tests were also 
conducted at the Research Institute of Safety and Engineering [4]. Sample powders were new and recycled toner 
powder which was taken from the incident facilities in Hatano city, Japan. There is not large difference between 
both samples, but recycled one might be much danger than new one in regard to lower limit of dust concentration. 
In the near future, particle size will be smaller and will be more dangerous because of request for fine printing 
technology. All samples we used, were for black. There consists of four colours (black, cyan, magenta, yellow), and 
effects of colour difference was not studied in this paper because Yashima and Yamakuma reported there was no 
difference in particle distribution and hazard [3]. We may study on this effect in the future.  
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4.2. Countermeasure 
 In order to avoid such dust explosion by toner cartridge in manufacture and recycling process, the following 
countermeasures are recommended. 
1) Most important thing is to reduce existence amount of toner in working area: that is, to clean toner often in 
working space, duct tube et al., where sometimes toner piled, because toner exploded even it is small 
concentration. 
2) Then ignition source should be taken out because the lowest ignition energy of toner is very small. For example 
worker should use steel-too-boot. Electric equipment at treatment area should be high level explosion-proof 
type.  
3) Reduction of oxygen concentration of ambient of treatment area of toner and duct to about 16% (vol.) is 
important. Incombustible gas is used, but also water vapour is useful.   
4) Buildings where toner is treated, should have explosion release such as light roof, which mitigate damage of 
explosion. 
5) At recycling facility, more careful treatment is needed because there are various toner particles which size is 
wider range than that of new toner. And there are many ignition source in recycled facilities, compared with 
manufacture process. 
6) Training and education of workers are important to understand of danger of toner. Especially workers at 
recycling facilities may not have enough knowledge even recycling facilities have much potential to cause fire 
and explosion. 
 
5. Conclusions 
 
Recent two toner incidents at recycling facilities in Japan and results of evaluation tests for toner are introduced. 
It is clear that toner powder is easy to make dust explosion, and brand-new toner, F, is more hazardous even its 
particle size is slightly larger than other tested toners. However toner treatment at recycling facilities should be 
much danger, because there are many ignition source and they treated various toners, and workers might not have 
knowledge of dust explosion. 
In the near future, to obtain more beautiful copy, it is expected that higher grade copy machine is made and finer 
toner is produced, which makes toner more hazardous. Therefore to treat toner at facilities need be more safety. And, 
it should make countermeasure in manufacture, storage, dealing facilities, for example, 1) Reduce existence of toner 
cartridges at treatment area 2) Ignition source is taken out, and electric equipment should be used explosion-proof 
type 3) Reduction oxygen concentration in ambient of treatment area. And training and education of workers are 
important.  
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